Currently, lung cancer is still the leading cause of cancer death in men, and it is the second leading cause of death after breast cancer in women.
3′-untranslated region of mRNA (3′-UTR) and negatively affect post-transcriptional regulation. 4, 5 miRNAs have been found to be dysregulated in a variety of tumours and to regulate cell proliferation, apoptosis, tumorigenesis and multiple signalling pathways, thereby acting as a tumour promoter or tumour suppressor. 6, 7 Recent studies have shown that aberrant miRNA expression may play an important role in the development of non-small-cell lung cancer. [8] [9] [10] Previous studies have found that miR-1258 can play its role in the regulation of invasion and metastasis by targeting heparanase in gastric cancer; while in breast cancer, miR-1258
can also inhibit brain metastasis by degrading heparanase. 11, 12 Furthermore, in NSCLC, a negative correlation between the expression of miR-1258 and heparanase was found. 13 Despite this, the mechanism of miR-1258 in the development of NSCLC remains unknown, especially in terms of proliferation, senescence and apoptosis.
In the present study, we found that miR-1258 is generally expressed at low levels in the cancerous tissues of patients with nonsmall-cell lung cancer. In vitro experiments revealed that miR-1258 inhibits cell proliferation and promotes cell senescence and apoptosis. The bioinformatics prediction, dual luciferase reporter assay and Western blotting showed that GRB2 was the downstream gene target of miR-1258 and verified the relationship between GRB2 and the Ras/Erk pathway. Finally, it was demonstrated that miR-1258 exerts its anti-tumour effect through the GRB2/Ras/Erk signalling pathway.
| MATERIAL SANDME THODS

| Non-small-celllungcancertissuesandcancer celllines
Tumour tissue samples and adjacent non-cancerous tissue samples from a total of 50 patients were tested in this study. All samples were medium (Gibco, NY, USA) supplemented with 10% foetal bovine serum (Gibco, NY, USA), 100 U/mL penicillin and 100 μg/mL streptomycin (Gibco, NY, USA) at 37°C in a humidified cell incubator in a 5% CO 2 atmosphere.
| Insituhybridization(ISH)staining
We detected the expression level of miR-1258 in tissues using 
| RNAextractionandquantitativereverse transcriptionPCR
According to the manufacturer's instructions, TRIzol reagent (Invitrogen, CA, USA) was used to isolate the total RNA from tissues and cells. cDNA was generated using total RNA and the PrimeScript RT reagent (Takara, Kusatsu, Japan), and qRT-PCR was performed with SYBR Green Master Mix II (Takara) on a ABI 7900 fast real-time PCR system (ABI, CA, USA). mRNA and miRNA were normalized using GAPDH and small RNA RNU6B (U6) as endogenous controls.
The 2 −ΔΔCT method was used to quantify the relative levels of miR-1258 and GRB2 mRNA. Each sample was run in triplicate. The oligonucleotides used in this study are shown in Table 1 .
| Transfectionoflentivirus,plasmidandsmall interferingRNA
The lentiviral (LV-hsa-miR-1258-mimics, LV-hsa-miR-1258-inhibitor, LV-NC), plasmid GRB2, empty vector, siRNA-GRB2 and siRNA-NC were purchased from Gene Pharma (Shanghai, China). The lipofectamine 3000 reagent (Invitrogen) was used for transient transfection following the manufacturer's instructions.
TA B L E 1 The oligonucleotides used in this study
| Cellproliferationassay
The Cell Counting Kit-8 (CCK8) assay (Dojindo, Tokyo, Japan) was used to monitor cell proliferation. Transfected cells were seeded into 96-well plates at 1000 cells/well. Each group was seeded into 3 replicate wells. Prior to observation, each well was treated with 10 μL/well of CCK8 during the last 2 hours of incubation. Finally, the absorbance at 450 nm was used to determine cell viability. The 5-ethynyl-2′-deoxyuridine (EdU) assay (Ribobio, Guangzhou, China)
was also used to determine cell capacity. Cells in the logarithmic growth phase were inoculated into a 96-well plate at 4000-10 000 cells per well and cultured in the normal growth stage. EdU labelling, cell immobilization, Apollo staining and DNA staining were used according to the instructions, and finally, images were acquired and analysed by fluorescence microscopy. All experiments were performed independently in triplicate.
| Flowcytometricanalysis
In the apoptotic assay, transfected cells were collected in flow tubes, 
| Tubeformation
Approximately 1 × 10 4 cells were resuspended in each well of a 48-well plate containing Matrigel (BD Bioscience, USA). Tube formation was observed with a microscope after 12 hours of incubation.
The branch point of the tube structure was quantified according to the manufacturer's instructions. The total tube length in each well was measured and calculated using Image J. Experiments were performed in triplicate.
| Recruitmentassay
Recruitment assay was performed using a 6.5 mm chamber with 8 μm pores (Corning, NY, USA). A cell suspension containing 2.5 × 10 4
HUVECs per mL was prepared in serum-free medium, and 400 μL of cell suspension was added to the upper chamber. Subsequently, 600 μL of different conditioned media was added to the lower chamber. After 36 hours of incubation at 37°C in a 5% CO 2 humidified incubator, cells that did not migrate through the well and remained in the upper chamber were removed by scraping the membrane with a cotton swab. After immobilization with methanol, the migrated cells on the underside of the membrane were stained with 0.1% crystal violet (Beyotime, Shanghai, China) for 30 minutes at 37°C. Three independent experiments were performed.
| Wound-healingassay
HUVEC cells were evenly plated into 6-well plates (Corning, NY, USA), and the cells were completely fused after 48 hours. The 6-well plate was washed twice with PBS and then evenly scratched in the centre by using a sterile 200 μL pipette tip. After 0 and 48 hours, the distance between wounds was measured on the side. Experiments were performed in triplicate.
| SA-β-galstaining
SA-β-gal staining was performed using the Senescence β- 
| Luciferasereporterassay
The 3′-UTR sequence of GRB2 or the mutated sequence and the predicted target site were inserted into the pmir-GLO-promoter vector (Promega, Madison, USA). They were named pmirGLO-GRB2 WT and pmirGLO-GRB2-MUT. HEK293T cells were seeded in 24-well plates and transfected with 100 ng of pmirGLO-GRB2 or pmirGLO-GRB2-MUT, miR-1258 mimics and NC with Lipofectamine 3000 (Invitrogen). After 24 hours, the transfected cells were obtained. The relative luciferase activity was measured using a Dual
Luciferase Assay Kit (Promega).
| Orthotropictumourmodelandxenograft tumourmodelinNod/Scidmice
A group of Nod/Scid mice (4-5 weeks old) were randomly divided into 2 groups. One group was injected on both sides of the armpit with H1299 cells stably transfected with miR-1258 and NC.
The other group was injected with stably transfected SPCA1 cells. Tumour size was measured every 4 days, and tumour size was calculated as length × width × 0.5 (mm 3 ). After 24 days of injection, mice were killed, and tumour nodules were weighed. All animal experiments were conducted under the supervision of the
Institutional Animal Protection and Use Committee of Nanjing
Medical University.
| Immunohistochemical(IHC)analysisof specimensandxenograftmodel
All patient samples and mouse tumours were fixed in 4% formalin and then embedded in paraffin. All paraffin sections were then dewaxed and rehydrated. After the blocking of endogenous peroxides and proteins, the slides were incubated with anti-p-Erk1/2 and anti- 
| Westernblottinganalysis
The total protein was extracted from the cells using the RIPA reagent (Beyotime, Shanghai, China) containing 100 μg/mL PMSF (Beyotime, Shanghai, China) and 2 μg/mL aprotinin (Beyotime, Shanghai, China).
Proteins extracted from NSCLC cells and tissues were separated by 10% SDS-polyacrylamide gel and transferred to a polyvinylidene difluoride (PVDF) membrane. After blocking with 5% skim milk powder for 2 hours, the membranes were incubated overnight at 4°C with the following specific primary antibodies: GRB2 (Abcam, ab32037), Ras 
| Statisticalanalysis
All experimental data were analysed using GraphPad software 7.0 and spss 19.0 for statistical analysis. The P-values were analysed using Student's t test, one-way ANOVA and Spearman's test. P < .05
for the difference was considered statistically significant.
| RE SULTS
| miR-1258wasdown-expressedintumour samplesandcelllinesofnon-small-celllungcancer
To clarify the relationship between miR-1258 and lung cancer, we performed quantitative real-time PCR (qRT-PCR) and in situ hybridization staining (ISH) on tumour tissues and corresponding paracancerous tissues from 50 patients with non-small-cell lung cancer. As shown in Figure 1A , B, and D, the expression level of miR-1258 in cancer tissues was lower than that in the adjacent normal tissues.
We further compared the expression level in 16HBE cells with those in 5 NSCLC cell lines (A549, SPCA1, H1299, H358, 95D, PC9).
Similarly, the expression level of miR-1258 in non-small-cell lung cancer cells was significantly reduced compared to that in 16HBE cells ( Figure 1C ). In addition, we analysed the correlation between miR-1258 expression and clinicopathological features (age, sex, smoking history, histological type, tumour size, lymph node metastasis and TMN staging) in NSCLC patients. As shown in Table 2 , the expression level of miR-1258 was negatively correlated with TNM staging, lymph node metastasis and tumour size.
| miR-1258inhibitsNSCLCcellproliferation invitro
To explore the function of miR-1258 in vitro, we selected H1299 
| miR-1258inducessenescenceandapoptosisin NSCLCcells
Cellular senescence and apoptosis are important causes of tumour suppression. Cellular senescence was revealed by the detection of SA-β-gal staining, which is considered a specific marker of senescence. As shown in Figure 3A , H1299 cells transfected with miR-1258 showed a strong blue SA-β-gal staining, while there were only scattered SA-β-gal positive cells in miR-1258 inhibitor group. Flow cytometry analysis of apoptosis was performed to confirm the role of miR-1258 in apoptosis. H1299 cells transfected with miR-1258
showed a higher rate of apoptosis than the control group, whereas the opposite tendency was observed in SPCA1 cells transfected with miR-1258 inhibitor ( Figure 3B ). On the basis of these findings, 
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we believe that miR-1258 accelerates the progression of senescence and apoptosis in NSCLC cells.
| miR-1258regulatesGRB2bydirectly targetingthe3′-UTR
To further explore the downstream regulatory mechanisms of miR-1258, we identified GRB2 (growth factor receptor binding protein 2) as a potential target for miR-1258 via an online bioinformatics database (microRNA.org, http://www.microrna.org/). In this study, we found that GRB2 is overexpressed in the cancerous tissues of patients with non-small-cell lung cancer and in NSCLC cell lines ( Figure 4A ,B,C). As shown in Table 2 , the expression of GRB2 is related to tumour size and TNM stage. More importantly, GRB2 mRNA levels were negatively correlated with miR-1258 in 50 NSCLC tissues, with a R 2 of .4119 ( Figure 4D ). To verify the GRB2 3′-UTR as a direct target for miR-1258, the wild-type (WT) GRB2 3′-UTR fragment or the MUT was inserted into the pmir-GLO luciferase miRNA target F I G U R E 2 miR-1258 inhibits NSCLC cell proliferation, angiogenesis and cell cycle progression. A, Compared with the control, Edu cell growth profiles in H1299 cells and SPCA1 cells after transfection with miR-1258 and miR-1258 inhibitor, respectively. B, CCK-8 was used to determine the proliferation of transfected NSCLC cells. C, Effect of miR-1258 expression on angiogenesis. D, The role of miR-1258 in the recruitment of HUVECs. E, Effects of miR-1258 alteration on cell cycle distribution of NSCLC cells. The data are represented as mean ± SD. (*P < .05; **P < .01; ***P < .001) F I G U R E 3 miR-1258 affects senescence and apoptosis in NSCLC cells. A, Up-regulation of miR-1258 promotes cellular senescence by detecting SA-β-gal activity, whereas down-regulation of miR-1258 suppresses senescence. B, FACS analysis of the effect of miR-1258 expression alteration on cell apoptosis. The data expressed as the mean ± SD. (*P < .05; **P < .01; ***P < .001) F I G U R E 4 miR-1258 suppresses GRB2 expression by directly binding its 3′-UTR and regulating Ras/Erk pathway. A, The GRB2 expression level in 50 NSCLC tissues and adjacent tissues was detected by qRT-PCR. B, The expression level of GRB2 protein in NSCLC tissues and adjacent tissues was determined by immunohistochemistry staining. C, The expression levels of GRB2 in NSCLC cells and 16HBE were detected using qRT-PCR. D, Negative correlation between the expression levels of miR-1258 and GRB2 in NSCLC specimens. E, Luciferase reporter assay was conducted to verify that miR-1258 is directly bounded to the 3′-UTR region of GRB2. F, Luciferase activity was analysed in cells co-transfected with miR-1258-mimics or negative control with pmirGLO-GRB2-Wt or pmirGLO-GRB2-Mut. G, GRB2 mRNA expression levels in transfected H1299 and SPCA1 cells were analysed by qRT-PCR. H, Ras/Erk pathway-related phosphorylated protein expression levels were analysed by Western blotting in tissues. I, GRB2 protein and Ras/Erk pathway-related protein expression levels were analysed by Western blotting in transfected H1299 and SPCA1 cells. GAPDH was used as a control. The data expressed as the mean ± SD. (*P < .05; **P < .01; ***P < .001) expression vector ( Figure 4E ). Pmir-GLO-miR-1258 and GRB2 WT or MUT 3′-UTR vectors were co-transfected into HEK293 cells. The relative luciferase activity of the GRB2 WT pmirGLO-3′-UTR vector was significantly reduced in HEK293 cells overexpressing miR-1258, while the luciferase activities of miR-1258 mimics and mutants were not affected ( Figure 4F ). The results support that miR-1258 directly inhibits GRB2 expression by binding the mRNA 3′-UTR.
| miR-1258suppressesGRB2expressionand regulatestheRas/Erkpathway
Further study found that when miR-1258 was overexpressed, GRB2 expression decreased; conversely, with low expression levels of miR-1258, GRB2 expression increased ( Figure 4G,I ). Previous studies have indicated that GRB2 is a key adapter protein that activates the Ras/Erk pathway. 14 At the same time, the expression levels of p-c-Raf, p-Mek1/2 and p-Erk1/2 were increased in tumour tissues compared with adjacent tissues ( Figure 4H ). Western blotting results showed that the expression levels of p-c-Raf, p-Mek1/2 and p-Erk1/2 were significantly decreased when miR-1258 was overexpressed. However, the expression levels of p-c-Raf, p-Mek1/2 and p-Erk1/2 were significantly increased in cells with low expression levels of miR-1258. There was no significant difference in Ras, c-Raf, Mek1/2 and Erk1/2 expression in either case ( Figure 4I ). These results indicate that miR-1258 may be involved in the regulation of the GRB2/Ras/Erk pathway.
| miR-1258inhibitsproliferationandinduces senescenceandapoptosisinNSCLCcellsviathe GRB2/Ras/Erkpathway
To further confirm the role of GRB2 in the miR-1258-induced growth inhibition and promotion of senescence and apoptosis, we conducted rescue assays. To up-regulate GRB2 expression, we stably transfected H1299 cells with the GRB2 plasmid. The mRNA and protein expression levels of GRB2 in the transfected cells were detected by qRT-PCR and Western blotting. Compared with the control group, the transfection group showed a significantly higher GRB2 expression level. Consistently, GRB2 relative expression levels were down-regulated with miR-1258-down-regulated expression of si-GRB2 ( Figure 5A,G) . Subsequently, EdU incorporation and tubule formation assays and flow cytometry were employed in co-transfected cells. As shown in Figure 5B , C, and D, up-regulation of GRB2 effectively counteracted the inhibitory effect of miR-1258 up-regulation on H1299 cell proliferation. Similarly, GRB2 downregulation in SPCA1 cells reversed the proliferation-promoting effect of low expression levels of miR-1258. Moreover, it was found that up-regulation of GRB2 suppressed cellular senescence and apoptosis, whereas the down-regulation of GRB2 had an opposite effect ( Figure 5E,F) . In the meantime, we found that plasmid GRB2-transfected cells showed an up-regulation of p-c-Raf, p-Mek1/2 and p-Erk1/2 compared to the levels in the control group. However, p-c-Raf, p-Mek1/2 and p-Erk1/2 were down-regulated in si-GRB2 transfected cells. Similarly, no significant changes were observed in the expression levels of Ras, c-Raf, Mek1/2 and Erk1/2 in both groups ( Figure 5G ). Taken together, our results indicate that the effect of miR-1258 is mediated through GRB2 down-regulation and the subsequent inhibition of the Ras/Erk signalling pathway.
| OverexpressionofmiR-1258inhibits proliferationofNSCLCcellsinvivo
After subcutaneous transfection of lentivirus-transfected H1299
and SPCA1 cells into Nod/Scid mice, we further evaluated the effect of miR-1258 overexpression and low expression on the growth rate of NSCLC cells. The results showed that overexpression of miR-1258
can significantly reduce the growth of tumours in vivo, while the low expression of miR-1258 has the opposite effect ( Figure 6A ,B,C).
Meanwhile, GRB2 protein expression decreased in the up-regulated miR-1258 group and increased in the down-regulated miR-1258 group ( Figure 6D ). The results of the immunohistochemical staining of GRB2, p-Erk1/2 and CD34 were consistent with miR-1258 promoting the proliferation of NSCLC ( Figure 6E ). These observations reveal that miR-1258 inhibits tumour formation in vivo.
| D ISCUSS I ON
Lung cancer is still the leading cause of cancer deaths worldwide due to a lack of understanding of the molecular mechanisms of lung cancer development. 3 Recently, increasing numbers of studies have revealed that microRNAs function as important diagnostic or prognostic biomarkers for malignancies and have potential as therapeutic targets. 5, 15 Meanwhile, the abnormal regulation of miRNAs in NSCLC has also been widely observed, but the specific biological function of most abnormally expressed miRNAs in the proliferation and metastasis of NSCLC remains unclear. [8] [9] [10] Recent studies have found that miR-1258 plays a role in the metastasis of non-small-cell lung cancer, but the role of miR-1258 in cell proliferation, senescence, and apoptosis in NSCLC is unknown.
It has been reported that miR-1258 can inhibit the migration and metastasis of gastric cancer cells by targeting heparanase. 11 In addition, miR-1258 can inhibit brain metastases in breast cancer. 12 In our study, we also found that miR-1258 levels were significantly reduced in NSCLC tissues and cell lines. The in vitro experiments showed that miR-1258 overexpression inhibits NSCLC cell proliferation and promotes senescence and apoptosis, but knockdown of miR-1258 has the opposite effect. Therefore, we hypothesize that miR-1258
functions as a tumour suppressor in the development of lung cancer.
By directly targeting the 3′-UTR of a gene, miRNAs can inhibit the expression of genes necessary for cellular signalling pathways. 16 For example, miR-6869-5p inhibits the proliferation of CRC cells by targeting TLR4, and miR-215-5p exerts a tumour suppressor effect by targeting EGFR and HOXB9 in colorectal cancer. 17, 18 We predicted GRB2 as a downstream target of miR-1258 using microRNA.org.
Studies have found that GRB2 and its signal transduction enhance
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cell proliferation and cell motility, contributing to the loss control of cell cycle. 19 What's more, elevated GRB2 expression is associated with cancer progression and poor prognosis. 20 Simultaneously, miR-411-5p inhibits the proliferation and metastasis of breast cancer cells by targeting GRB2, whereas miR-329 limits tumour growth by targeting GRB2 in pancreatic cancer. 21, 22 Through the luciferase reporter assay and Western blotting, we confirmed that GRB2 is the target of miR-1258. We also suspect that GRB2 may regulate a signalling pathway to achieve its function. Earlier studies have found that GRB2, which consists of 2 SH3 domains and one Src homology F I G U R E 5 miR-1258 inhibits proliferation and induces senescence and apoptosis in NSCLC cells by targeting GRB2/Ras/Erk pathway. A, The expression level of GRB2 was verified by qRT-PCR in co-transfected cell lines. B, C, D, The effect of inhibiting proliferation of miR-1258 was reversed by high expression of GRB2, while knockdown of GRB2 enhanced the role of miR-1258. The roles of miR-1258 and GRB2 in the regulation of NSCLC cell cycle were verified by flow cytometry. E, F, miR-1258 up-regulation or si-GRB2 induces senescence and apoptosis. G, The expression levels of GRB2 protein and Ras/Erk pathway-related protein after GRB2 plasmid and si-GRB2 transfection were analysed by Western blotting in co-transfected cell lines. The data expressed as the mean ± SD. (*P < .05; **P < .01; ***P < .001) F I G U R E 6 miR-1258 promotes the tumorigenicity xenograft by targeting GRB2/Ras/Erk pathway in vivo. A, B, Photographs of tumours were obtained from different groups of Nod/Scid mice transfected with miR-1258, NC, miR-1258 inhibitor and inhibitor NC, respectively. Growth curve of tumour volumes was calculated. The weight of tumours was measured and analysed. C, The relative expression of miR-1258 in xenografts was detected by qRT-PCR. D, The expression levels of GRB2 protein in the implanted tumours were explored by Western blotting. E, Immunohistochemical staining against GRB2, p-Erk and CD34 assay were used to determine the effects of miR-1258 expression alteration and GRB2 expression alteration on cell proliferation and angiogenesis in the samples collected from Nod/Scid mice. The data expressed as the mean ± SD. (*P < .05; **P < .01; ***P < .001) 2 (SH2) domain, is a receptor tyrosine kinase-interacting protein that is the key to defining RTK signalling. 23 The interaction between GRB2 and SOS and the recruitment of the GRB2-SOS complex to the plasma membrane to activate the MAPK protein kinase cascade is an important function of GRB2 in cells. 24 Consequently, GRB2 is able to link EGFR and downstream Ras/Erk signalling molecules.
GRB2
promotes tumour cell proliferation and inhibits apoptosis by activating the Ras/Erk pathway, while inhibiting the GRB2/Ras/Erk pathway can limit tumour development by promoting apoptosis. [25] [26] [27] In the meantime, there is literature showing that inhibition of the GRB2/ Ras/Erk pathway can induce cellular senescence. 28, 29 Angiogenesis has long been recognized as a hallmark of cancer and a prerequisite for tumour growth beyond 1-2 mm in diameter. 30, 31 The GRB2/Ras/ Erk pathway also plays an important role in angiogenesis. 32, 33 At the same time, abnormalities in the GRB2/Ras/Erk pathway promote the development of NSCLC. 34, 35 All of this evidence suggests that the GRB2/Ras/Erk pathway acts as a cancer-promoting agent in the carcinogenesis of a variety of cancers. Thus, we hypothesized that miR- To demonstrate the inhibitory effect of miR-1258 on the GRB2/ Ras/Erk pathway, we transferred plasmids carrying GRB2 into cells that were stably highly expressing miR-1258. We found that the originally suppressive effect on proliferation was restored, with reduced senescence and apoptosis. In contrast, the group transfected with si-GRB2 had reduced proliferation and increased senescence and apoptosis. This further confirms the tumour suppressor role of the miR-1258/GRB2/Erk axis in NSCLC. To explore the function of miR-1258, we also conducted in vivo experiments. The results suggested that miR-1258 significantly slowed the growth of the tumour.
The effect of miR-1258 on the GRB2/Ras/Erk pathway was demonstrated by qRT-PCR, Western blotting and IHC, further supporting the role of the miR-1258/GRB2/Erk axis in vivo.
Taken together, miR-1258 inhibits the proliferation and tumorigenesis of NSCLC cells in vitro and in vivo by directly targeting the 3′-UTR of GRB2 mRNA and regulating Ras/Erk signalling downstream of GRB2. However, the results of this study do not rule out the possibility that other signalling pathways may also be affected by miR-1258. In addition to Ras/Erk pathway, there may be other mechanisms regulating cell proliferation, senescence and apoptosis.
Moreover, whether miR-1258 can predict the prognosis of patients with cancer still needs to be further studied. 
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